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INTRODUCTION

Since the early work of Lanclois (1875) numerous investigators have noted in

the normal serum of various species of animals, particularly among the vertebrates,

the occurrence of agglutinins that act on the cells of certain other species (cf. Wiener,

1943; Landsteiner, 1945; Thomsen, 1932). Such natural heteroagglutinins have

also been frequently reported to occur in the serum or body-fluids of various inverte-

brates (see literature in Huff, 1940; Tyler and Metz, 1945). Heteroagglutination
reactions are frequently encountered in fertilizin studies and have been reported by
several investigators (Lillie, 1913, 1919; Glaser, 1914; Just, 1919, 1930; Sampson,
1922; Godlewski, 1934; Hartmann et al., 1940; Runnstrom ct al., 1944) as occur-

ring between spermatozoa and foreign egg-water preparations, body-fluids and sper-
matozoa or their extracts. Further information concerning the range and nature

of the heteroagglutination reactions is of importance, then, in analysis of problems
of fertilization particularly in regard to the specificity and role of the interacting

substances that are obtained from eggs and sperm.
A study of heteroagglutination reactions with lobster serum (Tyler and Metz,

1945
; Tyler and Scheer, 1945), which normally acts on the sperm or the blood-cells

of a wide variety of species throughout the animal kingdom, showed that at least

ten distinct relatively class-specific agglutinins are present in the serum of this spe-
cies. This was determined by means of absorption tests. In the controls for those

tests the supernatant fluids of the sperm suspensions used for absorption were also

examined for agglutinating activity and it was found, particularly when the sperm
had not been previously washed, that the fluids from sperm of some species were

active on cells of certain other species. Tests were then made with the body-fluids
and these, too, were found to be active.

The present paper reports the results of this examination of the body-fluids and

the sperm-supernatant s of various species of invertebrates for the occurrence of

heteroagglutinins. The species examined were for the most part those that have

been used or are potentially useful in fertilizin studies. In addition a few absorption
tests were made with starfish body-fluid to determine whether or not its agglutinat-

ing activity is attributable to the presence of several heteroagglutinins, each with

broad specificity such as was found in lobster serum.

MATERIALS AND METHODS

The body-fluids of twelve species of animals among the annelids, echinoderms,
mollusks and tunicates were examined for possible agglutinating action on sperm

1 This work has been aided by a grant from the Rockefeller Foundation. I am indebted to

Miss Margaret L. Campbell for technical assistance.
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suspensions of various species of invertebrates and, in a few cases, on erythrocyte

suspensions of various vertebrates. The body-fluids were obtained by incision into

the body cavity or by insertion of a hypodermic syringe into the body cavity. In the

case of Ciona the fluid was obtained directly from the heart. The fluids were clari-

fied by centrifugation and tested in the manner previously described (Tyler and

Metz, 1945). The supernatant fluids of sperm suspensions of eleven of the same

species were also tested. These were obtained by centrifugation of approximately
10 to 20 per cent suspensions of "dry" sperm in sea water. They may be termed

diluted seminal fluids.

EXPERIMENTALPART

In all of the species that were examined the body-fluids were found to possess

agglutinating activity for the cells of certain other species. The results are presented
in Table I. In some species (e.g., 1, 6, 18, 19, 21) the fluids exhibited agglutinating

action on the cells of most of the species that were tested. However, the fluids of

TABLE I

Heteroagglulinating action of body-fluid (b) and seminal fluid (s) of various invertebrates

Spermatozoa (species 1

to 25) or erythrocytes
(species 26-34) of:
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TABLE I Continued

Spermatozoa (species 1

to 25) or erythrocytes
(species 2634) of:
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In the present data differences arc observed between species belonging to different

orders, as in the case of the two species (8 and 9) belonging to the docoglossid gas-

tropods which differ from the three rhipidoglossid species (10, 11, and 12) in their

reactions to two ol the llnids (6 and 21). With the other twenty-nine species tested,

similarity in behavior is exhihited hy memhers of the same class or suh-class.

The tests with the diluted seminal fluids gave results that in most cases paralleled

those obtained with the body-fluids. Eight exceptions (1 on 29; 4 on 9 and 12;

12 on 6
;

13 on 1 1
;

18 on 8 and 30
;

21 on 14) may be noted in Table I out of a total

of 186 cross-combinations in which both seminal fluid and body-fluid were examined.

These exceptions are all in the same direction ; namely, a failure of the dilute seminal

fluid to cause agglutination while the corresponding body-fluid is active. It can,

then, be stated that in those cases in which the diluted seminal fluid is found to pos-
sess heteroagglutinating activity, the corresponding body fluid is likewise found to be

active. Thus, similarly acting heteroagglutinins are found in both body-fluid and

seminal fluid. The above-mentioned few exceptions may be attributed to failure to

obtain, in certain seminal fluid preparations, sufficient concentration of a particular

heteroagglutinin to produce a visible reaction with the cells of some species. How-
ever, the tests necessary to determine the validity of this explanation have not, as

yet, been made.

From the similarity in action of seminal fluid and body-fluid, it might be in-

ferred that the activity of the former is due to contamination with the latter. How-
ever, it may be noted that in most of the species employed for preparation of seminal

fluid (e.g., 4, 12. 14, 16, 18. 19, 21, 22) the sperm is readily obtained without any

appreciable admixture of body-fluid. Another inter] >retation is that seminal fluid

is normally similar to body-fluid in composition. Against this may be cited the fact

that readily recognizable constituents of body-fluid, such as hemocyanin in the mol-

lusks, are not observed in the seminal fluids. A third possibility is that identical

heteroagglutinins are present in both fluids. However, serological similarity does

not imply entirely identical molecular constitution. Reaction with a specific antigen

implies similarity only on the part of the specific combining groups of the antibodies

from diverse sources. In the present case it has not been shown that the hetero-

agglutinin in seminal fluid and that in body-fluid both react with the same antigenic

group or structure on the sperm that they agglutinate. However, the generally

parallel behavior of the two fluids, when tested with spermatozoa of different species,

favors that view.

Absorption tests, to determine whether or not more than one heteroagglutinin is

involved in the action of a particular fluid, were carried out with Patiria body-fluid.

These were done in the manner previously described (Tyler and Metz, 1945). Be-

fore being used for absorption the sperm were washed repeatedly in order to free

them of agglutinins contributed by the seminal fluid, and this was checked in each

test by examination of the supernatant of an aliquot part of the sperm for aggluti-

nating activity.

Samples of Patiria body-fluid were absorbed with sperm of six species of animals

and tested for agglutinating activity on sperm of nine species. The results are given
in Table II. This limited set of tests reveals the presence of at least four distinct

heteroagglutinins in Patiria body-fluid. These evidently comprise : one for the two

polychaets, one for the two echiuroids and Mytilus, one for the two gastropods, and

one for the two ascidians. It seems likely, then, that the situation in Patiria body-
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fluid is similar to that previously reported for the lobster; namely, the presence of

a number of distinct agglutinins. each with broad group specificity.

DISCUSSION

Heteroagglutinins are evidently normal constituents of the body-fluids of animals.

They have generally been considered to be non-specific agents. However, from the

fact that the fluids of various species act on the cells of different assemblages of

other species, the heteroagglutinins must be regarded as having some degree of speci-

ficity. The previously reported (Tyler and Metz, 1945) absorption tests with

lobster-serum gave evidence of the presence of ten distinct heteroagglutinins which

are, for the most part, each specific for a taxonomic class of animals. The present

results with Patiria body-fluids are indicative of similarly broad specificity on the

part of the four heteroagglutinins found therein. It is clear, however, that hetero-

agglutinins of different species and also different heteroagglutinins of the same ani-

mal may differ considerably in the range of species on which they act. The rule is

TABLE II

Agglutinative activity of Patiria body-fluid after absorption with spermatozoa of various species

Spermatozoa of:
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been found to act on closely related species and in some instances the preparations
act on remotely related species. Tims Arhacia egg water was found (Lillie, 1913)
to agglutinate Nereis sperm, and sea-urchin eggs have been found (Runnstrom ct al.,

l'>42) to be agglutinated by sperm extracts of animals as remotely related as the

salmon and the ox. In Lillie's experiment it was shown that absorption with Nereis

sperm removed the cross-reacting substance from Arbacia egg water without dimin-

ishing its agglutinating action on Arhacia sperm. Similar absorption experiments
have not been reported in most of the cross-heteroagglutination reactions obtained

by later workers with fertilizin and antifertilizin preparations. The need for such

experiments is quite evident before any adequate determinations can be made of the

specificity of these interacting substances obtained from the gametes. The present
results may provide a helpful basis of procedure in such experiments.

The bearing of the heteroagglutination reactions on phylogenetic questions has

been previously (Tyler and Metz, 1945) discussed. The present results are con-

sistent with the previously expressed view that the reactivity of the cells of a par-
ticular species with various fluids is a characteristic of a group of related species and

constitutes a group-specific trait in addition to the various group-specific morpho-

logical and chemical features of animals. There is no reason, as yet, for considering
this trait to be of more general significance than any other in any applications that

might be made to phylogenetic problems.

SUMMARY

1. The body-fluids of 12 species of invertebrates (including two ascidians) and

the seminal fluids of 11 species were examined for agglutinating action on the sper-

matozoa or blood cells of 34 species of animals.

2. All of the fluids were found to contain agglutinins for the cells of some of the

species tested. Five of the fluids gave reactions with most of the species but none

reacted with all of the species.

3. With one exception no heteroagglutination reactions were obtained with fluids

and cells of animals belonging to the same taxonomic class.

4. Closely related (same class in most cases or same order in some) species were

found to behave alike with respect to the ability or inability of their cells to react to

the various fluids, and the fluids of closely related species exhibited similar reactivity.

5. The diluted seminal fluids gave reactions that in most cases paralleled those

obtained with the body-fluids.

6. Absorption tests revealed the presence of at least four distinct heteroagglu-

tinins in Patiria body-fluid, and indicated that each is characterized by a broad

group-specificity similar to that previously reported for lobster-serum.

7. The general bearing of these results on fertilizin-antifertilizin reactions and on

phylogenetic problems is briefly discussed.
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